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Objective

The objective of this PhD research is to characterize and optimize the crack initiation
and growth fracture resistance of Al-Cu-Li and Al-Cu-Li-In alloys for cryogenic tank
applications. The program aims to understand microscopic fracture mechanisms, as

influenced by ambient to cryogenic temperature, stress state and microstructure.
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Fracture of 2090 and 2090+In Alloys at
Cryogenic Temperatures

John A. Wagner and R.P. Gangloff

The objective of this program is to understand, characterize and
optimize the crack initiation and growth fracture resistance of Al-Cu-
Li and Al-Cu-Li-In alloys for cryogenic tank applications. Presently,
this work is concentrating on determining the effects of stress state
and temperature on the fracture toughness and fracture mechanisms
of commercially available Vintage II 2090-T81 and experimental
2090+In-T6. Precracked J-integral specimens of both alloys have
been tested at ambient and cryogenic temperatures in the plane
stress and plane strain conditions. Considering ambient temperature,
results showed that 2090-T81 exhibited the highest toughness in
both plane strain and plane stress conditions. For the plane strain
condition, reasonable crack initiation and growth toughnesses of
2090-T81 are associated with a significant amount of delamination
and transgranular fracture. Plane stress toughnesses were higher and
fracture was characterized by shear cracking with minimal
delaminations. In comparison, the fracture behavior of 2090+In-T6 is
significantly degraded by subgrain boundary precipitation.
Toughness is low and characterized by intersubgranular fracture
with no delamination in the plane stress or plane strain conditions.
Intersubgranular cracking is a low energy event which presumably
occurs prior to the onset of slip band cracking. Copious grain
boundary precipitation is atypical of commercially available 2090. At
cryogenic temperatures, both alloys exhibit increased yield strength,
toughness and amount of delamination and shear cracking. The
change in fracture mode of 2090+In-T6 from intersubgranular
cracking at ambient temperature to a combination of
intersubgranular cracking, shear cracking and delamination at
cryogenic temperature is the subject of further investigation.
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FRACTURE MORPHOLOGY OF 0.47" THICK COMPACT

TENSION SPECIMENS AT ROOM TEMPERATURE
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R2090 + In-T6
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FRACTURE SURFACE OF 2090-T81 AT
ROOM AND CRYOGENIC TEMPERATURES

0.47 in. with sidegrooves
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FRACTURE SURFACE OF 2090+In-T6 AT
ROOM AND CRYOGENIC TEMPERATURES

0.47 in. with sidegrooves
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T =25°C
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FRACTURE SURFACE OF 2090+In-T6 AT -185°C
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FRACTURE SURFACE MORPHOLOGY OF

2090+In-T6 AT -185°C
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